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High Fidelity Tomographic Density Reconstructions
Background
Pressed high explosives have small density variations associated with the pressing process, from a few 
to sub percent depending on the material . [1] Variations at these levels are known to have an impact 
on HE performance [2] Currently, a destructive testing method based on physical sectioning followed 
by immersion density measurements (slice and dice) is utilized. However, this method has poor spatial 
resolution limited by the the sectioning size, 1-2 cm. [2] If possible, radiographic methods including 
Computed Tomography (CT) would be preferred, as they are non-destructive and have higher (less 
than .1 mm) spatial resolution. However, beam hardening, scattered radiation, and detector effects 
make density reconstructions at this level extremely challenging.

Proposed Work
The quantitative determination of small density variations within a volume using CT presents a 
challenge utilizing existing reconstruction algorithms.  Recently, we have develop a number of 
enabling algorithms to address this problem.  To validation of  these tomographic  density 
reconstructions requires the design of experiments and subsequent tomographic analysis. In  this work 
we have designed and performed experiments to allow for the application of these techniques to 
enable the application of these algorithms to improving quantitative density reconstructions.
1. L. Hill and T. Salyer, “The los alamos enhanced corner-turning (ecot) test,” in Proceedings of the 16th International

Detonation Symposium, (2018).

2. N. Stull, M. Espy, L. Hill, A. Figueroa, C. Gautier, J. Hunter, S. Larson, B. Olinger, and D. Thompson, “Finding small density gradients in high explosives non-
destructively using x-ray computed tomography,” in AIP Conference  Proceedings, , vol. 2272 (AIP Publishing LLC, 2020), p. 060035

3. M. L. Klasky, B. T. Nadiga, J. L. S. Disterhaupt, E. Guardincerri, J. L. Carroll, L. A. Pfister, L. D. Hovey, E. W. Skau, G. P. Salazar, B. J. Warthen et al., 
“Hydrodynamic and radiographic toolbox (hart),” Tech. rep., Los Alamos National Lab.(LANL), Los Alamos, NM (United States) (2020).
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Objective Continued
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Enabling Technologies
Local Kernel Based De-Scattering 
• Method of treating scattered radiation to enable density reconstructions 

developed via work for the Defense Threat Reduction Agency (DTRA) 

Radiographic Inversion using Machine Learning
• Method to invert radiographic, de-scattered image, using Convolutional 

Neural Network developed via work for the Defense Threat Reduction 
Agency (DTRA) 

Detector Modeling
Transport calculations and experimental validation to detector modeling 
developed via work for the Defense Threat Reduction Agency (DTRA) 
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Enabling Technologies ( Continued)
• Framework for inclusion of priors into inverse problems (SCICO) 

developed under LDRD

• Finite Element modeling for validation experiments using COMSOL

• Micro CT Facilities E-6 

Comsol allows for
parametric examination of
Changes in density, thermal conductivity, and
coefficient of thermal expansion to build
database of simulations for machine learning
prior.
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Experimental design of validation experiments
Experimental design of heated cylinder experiments were performed in an attempt
simplify experimental conditions for heat transfer modeling and reduce experimental 
uncertainties.

Baseline Experiment

Radiograph
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Development of prior from Finite Element Modeling and 
Mathematical Analysis

• An ensemble of simulations were developed for the experimental 
configurations by varying both the thermal properties of the cylinder as 
well as the heat transfer coefficient from the slides.

• These simulations were utilized to build a thermal model manifold 
using the variations of parameters:

Heat transfer coefficient
varied from 0 to XX
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Radiographic Training database for heated cylinder 
validation experiment & detector developed

• To enable the reconstruction algorithm we have generated a dataset consisting of 
2500 cylindrically symmetric HE density objects and calculated the corresponding 
direct, scattered radiation, and accompanying energy spectra using MCNP6 [5]. 
Detector response of the Perkin Elmer 1621 flat panel was also incorporated into the 
forward modeling for use in the de-scattering and CNN training.

• The objects consisted of cylinders with a fixed outer radius with variable density 
profiles in both the radial and azimuth direction. 
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Experimental Temperature Measurements and Heat 
Transfer Simulations
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Thermal Modeling of Baseline Experiment and 
Experimental results
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Radiographic correlations in heated cylinder 
experiments
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Modifications of Experiments

• Analysis of experimental results from baseline experiment led to several 
experimental design changes including:
• Removal of Ice Bath (cooling)
• Use of Insulation to shield thermo-couples from heat source
• Preheating the cylinder

Removal of Ice Bath

Insulation of 
Thermo-Couples

Preheated
Cylinder
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Experimental modification  I 

Based on the examination of the experimental measurements to the heat 
conduction simulations it was concluded that the ice bath was not performing
cooling as anticipated i.e. the B.C. on the cool side was not maintained.  
Consequently, the ice bath  was removed to provide a convective boundary
condition.
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Comparison of Simulated Heat Transfer and the 
Experimental Results
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Summary of Work
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Program Impact
• We have showed progress in the application of our tomographic 

reconstruction algorithms.  The prior comparisons with the data have led 
to modifications of the experimental design.

• Examination of the radiographic data also suggest that density inversion 
may lead to observable density gradients.

• Progress has been documented via a Optical Society Paper , Vancouver, 
Canada July 2021

• Impact has been reflected in FY 22 Funding from the Life Time and Aging 
Program and potential funding from the Emergency Response Program 
(Proposal Submitted to DTRA)
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